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Obstructive sleep apnea (OSA) is one of the important risk factors contributing to 
postoperative airway complications. OSA alters the respiratory physiology and increases 
the sensitivity of muscle tone of the upper airway after surgery to residual anesthetic 
medication. In addition, the prevalence of OSA was reported to be much higher among 
surgical patients than the general population. Therefore, appropriate monitoring to 
detect early respiratory impairment in postoperative extubated patients with possible 
OSA is challenging. Based on the comprehensive clinical observation, several equipment 
have been used for monitoring the respiratory conditions of OSA patients after surgery, 
including the continuous pulse oximetry, capnography, photoplethysmography (PPG), 
and respiratory volume monitor (RVM). To date, there has been no consensus on the 
most suitable device as a recommended standard of care. In this review, we describe 
the advantages and disadvantages of some possible monitoring strategies under certain 
clinical conditions. According to the literature, the continuous pulse oximetry, with its high 
sensitivity, is still the most widely used device. It is also cost-effective and convenient to 
use but has low specificity and does not reflect ventilation. Capnography is the most 
widely used device for detection of hypoventilation, but it may not provide reliable data for 
extubated patients. Even normal capnography cannot exclude the existence of hypoxia. 
PPG shows the state of both ventilation and oxygenation, but its sensitivity needs further 
improvement. RVM provides real-time detection of hypoventilation, quantitative precise 
demonstration of respiratory rate, tidal volume, and MV for extubated patients, but no 
reflection of oxygenation. Altogether, the sole use of any of these devices is not ideal 
for monitoring of extubated patients with or at risk for OSA after surgery. However, we 
expect that the combined use of continuous pulse oximetry and RVM may be promising 
for these patients due to their complementary function, which need further study.
Keywords: obstructive sleep apnea, surgery, monitoring, oximetry, capnography, photoplethysmography, 
respiratory volume monitor
TABle 1 | Features of different equipment.
equipment Advantages Disadvantages
Oximetry (Spacelab1600, USA) Convenient, cost-effective, high sensitivity (95.6%) for 
desaturation
Low specificity (80.6%), lagging indication of respiratory abnormality, 
signal error; measures oxygenation, not ventilation; false alarm reduced 
signal quality in patients with poor peripheral perfusion
Capnography (Medtronic, USA) Can be used in collaboration with SpO2 to reflect 
oxygenation and ventilation. High sensitivity (98%) and 
specificity (98%) for trachea intubated patients
EtCO2 can be influenced by hemodynamic disturbance, complexity in 
interpreting CO2 waveforms; maybe unable to detect hypoxemia; no 
report of sensitivity and specificity for extubated patients
PPG (Nonin Medical, USA) Shows the condition of both ventilation and oxygenation 
with specificity of 91%
Low sensitivity (75%), multiple reasons such as motion, vasoconstrictor 
use, and heart rate change contribute to artifact of PPG
RVM (ExSpieon, USA) Real-time detection of hypoventilation, quantitative precise 
demonstration of RR, TV, and MV for extubated patients, 
with sensitivity of 93%
May not work normally when the patients do not take supine position; 
with specificity of 86%
SpO2, saturation of pulse oxygenation; EtCO2, end-tidal carbon dioxide; PPG, photoplethysmography; RVM, respiratory volume monitor; RR, respiratory rate; TV, tidal volume; MV, 
minute volume.
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inTRODUCTiOn
Complications of the airway are major problems for patients 
in the early postoperative period (1). One of the independent 
risk factors associated with upper airway impairment includ-
ing hypoventilation, high airway resistance, abnormal rhythm 
of breathing, and resulting hypoxia is obstructive sleep apnea 
(OSA). OSA strongly correlates with the increasing rates of 
obesity and is a frequent comorbidity affecting 2–26% of the 
general population (2–5). As for the surgical patients, the 
prevalence of OSA was reported to be even higher (24-41%) 
than general population (6). Furthermore, in the review by 
Zaremba, it was estimated that over 75% of the subpopula-
tion of morbidly obese surgical patients may be affected by 
OSA (7).
Although OSA patients have the propensity of hypoventi-
lation and hypoxia after surgery, the majority of OSA cases 
remain undiagnosed prior to surgery (8, 9). For this reason, 
several screening tools, such as the STOP-Bang, ASA checklist, 
sleep apnea clinical score, and Berlin questionnaire, were devel-
oped to assess the possible existence of an undiagnosed OSA 
and to provide risk stratification of OSA in surgical patients 
(10–12). A recent study showed that high-risk OSA patients 
had nearly fourfold increase in developing airway events in 
postanesthesia care unit (PACU) compared with low-risk OSA 
patients (13).
The partial or complete obstruction site in the upper airway 
of OSA patients may present at different levels, including the 
palatal region, tonsils, tongue base, epiglottis, hypopharynx, and 
lateral pharyngeal walls during sleep (14). Known or suspected 
sleep apnea, in the preoperative phase, may increase the risk 
of postoperative complications. Accordingly it increases the 
unplanned need for intensive care intervention, worsens surgi-
cal outcomes, and prolongs the length of hospital stay due to 
the high sensitivity of OSA patients to the residual effects of 
sedatives, neuromuscular agents, analgesics, and anesthet-
ics on muscle tone of the upper airway (15–18). In addition, 
increased cardiac events, cerebrovascular impairment, and 
unexpected postoperative mortality were also documented 
(19–25). Therefore, early detection of respiratory impairment 
plays an important role in reducing mortality in non-intubated 
postoperative patients with possible OSA.
In the study by Chung et al., 120 patients without OSA were 
tested by a portable device, preoperatively. However, on postop-
erative night 1 and 3, they found out that 31 of those patients 
had apnea hypopnea index (AHI) >15, which defines the cutoff 
level of moderate OSA (26). That was implicated by the fact that 
surgery may have an impact on the incidence of OSA by altering 
sleep architecture, which possibly contributes to a greater degree 
of postoperative risk in OSA patients (10). The postsurgical 
period is characterized by disturbances in rapid eye movement 
phase of sleep, during which there are more occurrences of apneic 
episodes and desaturations (27). Further, postoperative analgesia 
with opioids contributes to pharyngeal muscle relaxation and 
attenuates the normal reaction to hypoxia and hypercapnia, thus 
aggravating respiratory status (28). Therefore, adequate monitor-
ing of early respiratory impairment in OSA surgical patients is 
challenging.
Current clinically available monitoring devices for respiration 
in suspected or confirmed OSA patients include continuous 
pulse oximetry, capnography monitor, respiratory volume moni-
tor (RVM), and photoplethysmography (PPG) in addition to 
clinical observation (Table  1). Clearly, effective management 
involving appropriate monitoring is pivotal to minimize post-
operative risk for surgical patients with OSA. Until now, no 
consensus was reached for postoperative OSA monitoring in 
surgical patients when the trachea has been extubated and is no 
longer supported by a ventilator. This review briefly illustrates 
some possible monitoring strategies that we may use in clinical 
settings for extubated OSA patients after surgery under general 
anesthesia.
COnTinUOUS PUlSe OXiMeTRY
Continuous pulse oximetry is a routine method of oxygenation 
monitoring that measures the percentage of the oxygenated 
hemoglobin. By detecting hypoxemic episode, it is the primary 
objective indicator of respiratory compromise in clinical use. 
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The use of pulse oximetry is recommended as a strategy to 
reduce complications of patients with OSA, such as short period 
hypoxemia, ICU transfer and death (29). Hypoxia detection by 
oximetry indicates the application of nasal CPAP or NIPPV (30). 
On the other hand, pulse oximetry is late to indicate respiratory 
depression, and as a result, its utility in evaluating the postopera-
tive respiratory condition is limited. This inaccuracy of oximetry 
increases with increasing incidence of desaturation (31, 32). 
Meanwhile, Pedersen’s Cochrane review found no evidence of 
perioperative outcome improvement with routine use of pulse 
oximetry (33).
Pulse oximetry cannot detect reduced respiratory rate (RR), 
apnea, or exhaled carbon dioxide levels, which indicate ventila-
tion impairment before dropping of SpO2 is displayed. Moreover, 
the supplemental oxygen may sometimes mask the existing res-
piratory depression and results in urgent events (34). Meanwhile, 
audible false alarms from signal error frequently occur during 
SpO2 monitoring and may misguide treatment or cause care 
providers to neglect identifying the real urgent circumstances 
that progress into crisis.
A previous study used SpO2 variability as a screening tool 
for OSA diagnosis and found that it has high sensitivity of 
98% but only 46% specificity (35). The high sensitivity of SpO2 
is beneficial to detect hypoxic event, but the low specificity 
probably reflects the inability to detect possible hypoventila-
tion events when SpO2 is above 90%. Chung et  al. recently 
demonstrated a 75% specificity of the oxygen desaturation 
index (hourly average number of desaturation episodes) to 
detect moderate and severe sleep-disordered breathing, giving 
another explanation why apnea or hypopnea may occur with 
normal SpO2 readings (36).
CAPnOGRAPHY/etCO2 MeASUReMenT
Capnography detects the end-tidal carbon dioxide (EtCO2), 
which can provide insight into metabolic, circulatory, and 
respiratory activities. For extubated postanesthesia patients, the 
measurement of EtCO2 is done by placing a nasal cannula to 
obtain and analyze exhaled gas samples. EtCO2 may detect apneic 
episodes and respiratory depression indicated by reduced rate of 
respiration per minute. It is deemed superior to oximetry for 
earlier detection of an obstructed airway, opiate-induced apnea, 
or other airway problems in high-risk patients in the general care 
nursing unit.
According to Qadeer et  al., capnography improves patient 
safety by reducing the frequency of hypoxia, severe hypoxemia, 
and apnea (37). OSA patients at risk for respiratory complications 
may benefit from EtCO2 monitoring, especially in the early post-
operative period (38). However, extubated patients after surgery, 
especially those with OSA, are mouth breathers with high nasal 
airway resistance. Thus, obtaining accurate EtCO2 measurements 
via nasal cannula may be difficult. The difference between EtCO2 
and PaCO2 will increase with fresh oxygen flow, a change more 
obvious in OSA patients (39, 40). For this reason, Kasuya et al. 
alternatively used mainstream and a nasal cannula that included 
an oral guide to reduce the inconsistency between EtCO2 and 
PaCO2, and it performed better than sidestream capnography for 
patients of OSA (41).
To date, there is no report that the RR reflected by capnog-
raphy is incorrect. But it still has the problem that in many 
circumstances (41, 42), it may be easily dislodged by the patients. 
Otherwise, EtCO2 in intubated patients is technically reliable. 
Therefore, capnography must always be interpreted comprehen-
sively together with other physiological parameters and clinical 
evaluation. Partial obstruction of the airway and mixing of 
exhaled air with ambient air may also display a normal EtCO2 
value, whereas PaCO2 detectable by blood gas analysis is high.
PPG-DeRiveD SiGnAl FOR RR
Photoplethysmography signal is composed of a respiratory 
modulation and variations associated with changing tissue 
blood volume of different origins. Analysis of the PPG waveform 
offers an alternative tool of non-invasive RR monitoring. The 
respiratory component signal is extracted from PPG. Based on 
the respiratory-induced intensity variation component, the RR 
and sleep apnea can be detected when intrathoracic pressure 
disappears (43).
By using the PPG signal principle, Addison et  al. invented 
an algorithm designed to meet clinical needs by facilitating RR 
monitoring through a single probe. The probe provided con-
tinuous simultaneous monitoring of SpO2, heart rate, and RR for 
patients general care floor, including seven OSA patients (44). 
They found out that PPG-derived RR is comparable to the rate 
derived from EtCO2 waveform as reference. PPG-derived RR 
is more stable and less affected by motion-induced artifact and 
patient talk (43). In comparison to SpO2, PPG seems to be a bet-
ter monitoring tool by using the combination of pulse oximetry 
with RR in a single sensor, thus obtaining earlier detection of 
respiratory compromise.
However, artifacts of PPG may still be present due to motion, 
vasomotor drugs and fluid administration, deep gasp, and heart 
rate changes (22). In a pilot study using neural network signal 
analysis, airway obstruction was identified by PPG-derived signals 
(Nonin Medical, USA) in a sample of extubated surgical patients 
prior to PACU arrival (75% sensitivity and 91% specificity) (45). 
When AHI > 68%, Romem et al. found that PPG demonstrated 
70% sensitivity and 91% specificity compared to PSG (46). This 
low sensitivity is the main reason behind the limited application 
of PPG in clinical practice, since high sensitivity monitors are 
desired in the PACU to detect any possible adverse events. An 8% 
maximal error at detecting breaths in adult volunteers is another 
reason for the limited clinical application of PPG (47). With 
the improvement in neural network technology at combining 
all the contributing factors, the aforementioned sensitivity and 
specificity can be increased, and PPG may become a standard 
in future real-time monitoring.
Photoplethysmography-based respiratory monitoring shows 
the status of both ventilation and oxygenation, and further devel-
opment is required to enable reliable assessment. At present, there 
are several studies about PPG for the evaluation of sleep apnea 
(48–50). However, there are limited reports of PPG as the special 
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monitoring tool for postoperative OSA patients, although RR is 
regarded as a clinically important parameter for monitoring the 
respiratory condition (45, 51).
RvM FOR MinUTe vOlUMe
Minute volume (MV) and tidal volume (TV) data are dis-
played on standard ventilators when patients are intubated 
but are not available after extubation. A novel, Food and Drug 
Administration-approved and non-invasive RVM (ExSpieon, 
USA) is thoracic impedance-based respiratory monitor. It has 
recently become available to obtain objective numerical and 
curve expression through non-invasive measurement of MV, TV, 
and RR and to display continuous real-time respiratory curves 
in non-intubated patients. The MV is derived from changes in 
impedance associated with airflow in the lungs. These quantita-
tive respiratory parameters, via a standardized set of thoracic 
electrode pads based on bioimpedance, can detect apneic and 
hypopneic episodes. Consequently, they can directly reflect 
respiratory compromise before hypercarbia and hypoxemia 
occur (52). Furthermore, it has a higher sensitivity than EtCO2 
for monitoring of sedated patients in PACU (53). Earlier inter-
vention can be initiated when low MV is identified compared 
to the capabilities of capnography (54). Physiologically, EtCO2 
can reflect the abnormal ventilation condition of the patient but 
only after the occurrence of hypoventilation and hypercapnia. 
On the other hand, RVM can simultaneously detect and identify 
the duration of apneic and hypopneic episodes and the condi-
tion of recovery breaths, which are closely associated with the 
adequacy of ventilation. It has also the potential to markedly 
increase safety for patients in the postoperative period by more 
appropriate pain management, better decision-making regard-
ing the time of PACU discharge, and decreasing respiratory 
compromise (55).
An over 24-h study by Voscopoulos et al. showed that RVM 
has similar accuracy and high correlation with spirometry in 
measuring MV, TV, and RR, based on comparison between 
RVM and ventilator measurements in both intubated and non-
intubated patients (56, 57). It is also noteworthy that the patients’ 
average RR difference between the RVM measurements and the 
manual counting of individual breaths, by the technician, during 
the 24-ho study was 0.0 breaths/min, demonstrating that the 
RVM is extremely accurate in measuring RR (56). Furthermore, 
RVM can detect complete airway obstruction even when chest 
movement is present (58).
The RVM was not only able to measure the length and pattern 
of apneic episodes but also quantify the increase in the number 
and duration of such episodes as a response to drug administra-
tion (52, 58). In PACU, the quantitative measurements of MV 
from RVM can assist in decision-making to improve safety and 
optimize medication administration and care in patients with or 
at risk for OSA after extubation (54). Practically, the disadvantage 
of RVM is that it does not function normally when the patients 
are not placed in a supine position after surgery.
CliniCAl OBSeRvATiOnS
In any patient, regardless of the existence of OSA, routine 
assessment for changes in ventilation adequacy, by direct clinical 
observation, seems to be subjective. Although continuous data 
are unavailable, this clinical comprehensive evaluation remains 
the obligation of care toward patients. A false reading, which 
may happen with each of the aforementioned equipment, is 
another explanation for demanding clinical judgment. Signs of 
respiratory distress, the ability to breathe deeply, upper airway 
muscle tone weakness, airway secretion, and, in more urgent 
circumstance, airway bleeding still depend on close observation 
by clinical staff (59). Further, none of the aforementioned types 
of monitoring methods remains well attached when the patient 
makes a movement or assumes an abnormal position. In a study 
involving a group of bariatric surgery patients, 30 of whom had 
severe OSA and were admitted in ICU for a 24-h postoperative 
observation, no relation between a high AHI and desaturations 
was found. Those findings could be explained by having one 
responsible nursing individual who may awaken the patients 
before the desaturation becomes severe (60).
COnClUSiOn
Management of patients with OSA after surgery is a major 
concern for perioperative care. It was shown that OSA is largely 
underestimated in the general population and often undiagnosed 
in surgical patients, resulting in higher postoperative morbidity. 
Early clinical recognition of hypoventilation can definitely help in 
designing a safer care plan.
Obstructive sleep apnea is characterized by apnea and its 
consequent respiratory impairment. Among the devices we 
mentioned, continuous pulse oximetry and capnography are 
valuable tools for detecting the consequences of apnea. PPG 
shows the condition of both ventilation and oxygenation and 
accurate detection of RR, but the sensitivity of PPG needs to 
be further improved. RVM may provide early detection of 
apneic episodes. Obviously, clinical monitoring is not suitable 
because it does not convey continuous data. We expect that 
the combined use of continuous pulse oximetry and RVM may 
be promising to provide potential safety for these patients, 
due to their complementary characteristics that need further 
investigation.
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